Introduction
Fluorescence-based detection of PCR products separated by capillary electrophoresis has become an important technical approach to the investigation of chimerism after allogeneic stem cell transplantation. 1 Highly polymorphic loci including short tandem repeats (STRs) [1] [2] [3] [4] [5] and variable number of tandem repeats (VNTRs) [6] [7] [8] can be analyzed with great precision. The fluorescence-labelled PCR fragments are electrophoretically separated, and signals are automatically sized and quantitated, 1, 9 thus eliminating the need for post-electrophoresis handling. This greatly reduces the hands-on time, and the risk of contamination by PCR products.
The capillary electrophoresis system used in our laboraratory for investigation of PCR-amplified STR loci is theABI Prism 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Under the conditions indicated in Figure 1 , the peak heights of the amplified alleles are usually in a range between 100 and 9000 relative fluorescence units (rfus), as shown in Figure 1 . The interpretation of results may be impaired if non-specific peaks occur whose position and height interfere with specific signals. For reliable quantification, it is essential to either eliminate the occurrence of nonspecific peaks or to avoid their interference with specific signals. Different types of non-specific peaks have been reported:
Pull-up peaks
These signals are derived from exceedingly high specific signals that are off-scale (Figure 1a ). They are generated by overlapping spectral emission of the fluorescent dyes used, 10 and appear at the position of specific peaks in all color channels. For example, in Figure 1a , the high peak (arrow) detectable in the HEX-channel results from an off-scale FAM peak. The occurrence of pull-up peaks therefore plays a role in multiplex PCR assays using differently labelled primers.
Pull-up peaks can be eliminated by decreasing the amount of PCR product loaded on the capillary to prevent specific peaks from being off-scale. This can be achieved by reducing the injection time or by diluting the PCR product prior to loading. 
Stutter peaks
Stutter peaks are also referred to as shadow bands or DNA polymerase slippage products. 11 It has been demonstrated that they occur during PCR if the extension of the newly synthesized strand is interrupted by dissociation of the enzyme (Figure 1b) . When another polymerase molecule proceeds with the extension, a loop within the template strand may lead to skipping of a repeat unit on the extending strand ( Figure  1b , arrows). It is also conceivable that the extending strand could loop out, thus resulting in a newly extended strand having an additional repeat unit relative to the template strand. 
Template-independent nucleotide addition
The template-independent terminal transferase activity ('extendase' activity) of Taq polymerase leads to the preferential addition of adenosine residues at the 3Ј-end of each amplicon 12 ( Figure 1c, arrows) . To eliminate double peaks resulting from the presence or absence of terminal adenosine residues, it is recommended to use primers with optimal tailing 13 and to include a final extension step of 45 min at 60°C at the end of the PCR reaction.
Dye-associated fluorescence peaks
In addition to the known types of non-specific peaks, we have observed the occurrence of irrelevant signals attributable to the fluorescence dyes used. To our knowledge, the phenomenon of dye-associated fluorescence peaks has not been described so far. The signals occur at constant positions, characteristic of each dye (Table 1) , but the peak sizes observed in different PCR assays are variable. Under standard PCR conditions, the size of dye-related peaks ranged between 100 and more than 3000 rfus (Figure 1d ). Fluorescence-labelled primers obtained from different manufacturers (Applied Biosystems; Life Technologies, Invitrogen, Groningen, The Netherlands) displayed the same pattern of irrelevant peaks. A number of different primers were tested in different laboratories, and occurrence of the non-specific signals was independent of the sequence or the length of the labelled oligonucleotides. Generation of the signals was not influenced by the PCR itself nor by the presence or absence of the denaturation step prior to loading of PCR products on to the capillary. The peaks were also observed when running only the primer pairs or the labelled primer alone at a concentration corresponding to that of a standard PCR reaction. Hence, occurrence of the peaks did not seem to be associated with primer/primer interactions, nor with the generation of spurious PCR products. To assess whether the peaks were indeed attributable to the respective dye, different fluorescence-labelled primers were digested with S1 nuclease (digestion over night at 37°C in a final volume of 50 l: 50 pmol labelled primer, 10 U S1 nuclease, 1 × reaction buffer (Promega, Madison, WI, USA)), and an aliquot of the reaction (1 l) was electrophoresed under standard conditions. The non-specific peaks were observed at the characteristic positions, and the sizes were within the usual range.
To exclude the possibility that the phenomenon is associated with a particular instrument, the samples were tested in different laboratories and revealed identical results.
For each of the fluorescence markers available (FAM, HEX and NED), we observed five types of dye-associated fluorescence peaks ( using GeneScan-500 ROX as size standard). The existence of the dye-associated, non-specific peaks, which apparently have been observed at other centers as well (personal communication), presents a potential source of false interpretation of chimerism data. Similar to the occurrence of other types of non-specific peaks, these signals impair the informativeness of STR loci if the specific peaks of the STR marker used are located in the same region.
Neither the manufacturers providing fluorescence-labelled primers nor the data currently available to us can provide a satisfactory explanation for the phenomenon. It is not possible therefore to give any suggestions of how to prevent the formation of dye-associated fluorescence peaks. There are nevertheless a few possibilities to reduce the problem of interference of dye-associated fluorescence peaks with specific peaks: (1) If for each of the STR loci used for chimerism analysis primers labelled with different fluorescence dyes are available, it might be possible to select a dye whose peaks do not overlap with the specific peaks of the STR marker used. (2) Alternatively, one may select STR markers for chimerism testing that display specific product sizes outside the range of dye-associated peaks.
In view of the increasing use of fluorescence-based analysis of chimerism, it is necessary to find a satisfactory solution to this problem. The current Debate on Chimerism Testing in Leukemia 2,4,14 provides a possible forum to discuss, and ultimately solve the issue.
